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A Study on the Comparison of Atmospheric Concentrations
of Volatile Organic Compounds in a Large Urban Area
and a Sub-Urban Area
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Abstract

This study was carried out to evaluate the temporal variations of VOCs at an urban site, and to compare the
concentrations of VOCs at an urban site in Daegu with those at a suburban site in Gyeongsan. Three hourly VOC
samples in the ambient air were collected using a sequential tube sampler (STS 25, Perkin Elmer) throughout two
weeks during May and July representing spring and summer seasons, respectively. The VOC concentrations were
determined by an automatic thermal desorption apparatus with GC/MS analysis. A total of 12 VOCs of
environmetal concern were determined, which are chloroform, benzene, trichloroethylene, toluene, tetra-
chloroethylene, ethylbenzene, m+p-xylenes, o-xylene, styrene, 1, 3, 5- and 1, 2, 4-trimethylbenzenes. Among 12
target VOCs, the most abundant compound appeared to be toluene, being followed by xylenes. The mean
concentrations at the urbn site were 1.2 ppb for benzene and 20.4 ppb for toluene (n=221) while the mean levels at
the suburban site were 0.9 ppb and 4.3 ppb for benzene and toluene (n=96), respectively. The urban site
concentrations were typically several-fold higher than those measured at the suburban site. It was found that
general trends of VOC levels were significantly dependent on traffic conditions at the sampling site since VOC
concentrations were at their maximum during rush hours, i.e. 9~ 12 am and 6~9 p.m. Statistical investigations
were conducted to investigate any significant relationships between VOC concentrations and affecting factors.
Calculated correlation coefficients among VOCs were positively significant at a level of 0.05 in most cases.
Increased concentrations of toluene in the urban site were estimated to reflect the effect of large industrial sources,

mainly from textile industry.
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1. M =2

HZ 23 AsAe] 3534 457 2 /7] 4419
AR 2 vl &l Fhska gl 3RA f13)
&} (Volatile Organic Compounds : ©]3} VOC=} 3H)
< A7 & 33E A9 sl FAlel
Bl EZHel|A] Aol f33t A5 we
22 T o] d79 #AY dde] Ha ok (E
= 71374 8 5], 2004; Field et al., 1992).

VOCe] AL F7lnje} 4 z}ol= glx|ut
Fevete] A9 Jubtd oz ol FulEUl AEA}l)
Al 30~40%, =HAA F 4AE deF ARgsle A
AellA 30~40%, T4 D MHAA, EshA A
10~20% & AA3h, Algts 2 7eb s & el
2] 10~20% =7t iEE 2 9ldn 49 up
ATk (&EHA, 1996). o] FollM gzt FHD 7
o2 VOCs A 2y of 1/3 el w2
Holl A7 Aot A2 T2 742 0}
gHA FAX o Eesl AT £ Qg (3w E
55 2002). AFFat w72 HE wiEEE VOCE 2}
2 7 7ke AekA ] Al aet Rastme
slodt, AR An] Bk Agake] g vl 1=
2] VOC7} A s+ Aoz By u} 9lew (Perry
and Gee, 1994), =3t wl|7]F o] 22 VOCO W%
A7 AL ek F FolAv 3} Fell= VOC

o) Aol F oz FAF AN, ol 5 w3t
AU EL 10%S 2348 7bsAe] E Aoz Bal
o CGER R E], 1998).

sty AS 74E daAs FAXGH o
AYdsel ugo) dgel e Ao w
FHAA MEET olAbES, 2 2 dAaksiek

o Z2 718 LE9EREY W) F 3EE 3
etz glo] 233 dirjed §3e gu)g
stot. Jeut 2 2ol F4:3) S71sla 9l AHEA)
2 st 53] =AAGoM 2] VOCe A4ArsHE
T F=E 4% daANdE By A3 &
7¥eti 9lom dF 1 oAb o2 AFE Aoem
et (F3 3 e, 2006). Wk &z Fu
EAAGAAM dFHT e M AR Hr)ed
Ao e M Aastim e} 72 LAY H7]29
AL Aoz gordm, g3 2 g X 9

o3 B o pot

st 7|28 s A A 227 A6 5.

=4 RNt o] sdr] F )T At

o A9E Ao AL 243 AR T Qe
B2 olo] W7 AlFs AL 7)1 Aupae)
d AL vl$ 393 Ak

dutx oz d7] & VOC 2 243 wl&delA
9] wiE7tse] A on diEeid Bk ohiz}
7] Fel Mg #st w2 FsiabA el wheah FX)H <)
714 E & o3k wome by F VOCe
TEHEE A9 e 9A ol Hd3ua
9] #AAS HFH oz HYrlistedof g} v Lo
el A dREe] =AXGN FF3la Qe
AgApet FHa D AReE St e 42§
718419 Mg ZUlE Qlsled VOCe] wbygske
AEE Aoz dAEch geir olE EBA by
F F2H3E 4F s} QA8 O] FeA
9 £EAAE dr|d AupaSLsd BHR ] H§H
B AL % dr)d Bl QoA Wl 48
T ARE AT Hoe= Andd

2 At a3 HFAGelME 19973 7%
Bl 22 A¥AZ APg vl vt Fokske k)
2E Fxo W3 dPozE dFRHY A7)
A 2& A A= P38t wheo] AFEA=R
4=zl VOCE AzHA717) $18 o] d3f= ojof
gt} ofgE] o]F BAES AutHal Uy F A%
< Tt & 5 Qe AzhE 9539 & A9
3] $AH oz o]Folxiol Fr). ol2dt HA
Al ATFelM e ASAE Wi E7hse] oF3ke A7ta}
AT e d2A 2AasUAAY =2 24
F dzAgeor mee] HUJAGE AAstd =4
TEFUAAGAMY] VOC 284 4 BExEAS
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25 A Asat STl B AHez 6xpAd
=27} FAUEe s poiglon, g8 riEe] A
AR 2 QEA (SO, PM4, CO, NO, NO,, 05)8] =
E d&Hoz A AR =29 AFSHA
&b AAH Sk A et VOC Aadd] AAe
=2 ¢ 3m A= Dol Hele{F Ui 9
A3} A E7rE A EA L AR (RHeER
Bl °F 4m Fopell AXsA 12 wAY &
A A2 dFa AT el AxstT gler (7]
HezHE o 9m o)), vy AFA T o
FE A7 Pt APezA 63 Z=2eAM o 15
km "ol gl

2.2 NB#MFH 7|2t

WA EURR 9] HeldFo M AaAFH
= BAE 252000 59 179~309), 484 15
(2000 79 209 ~849 14,89 39) St 342
A0 BENhoz d&yoz ofFoizivh wdt dlx
AAQ FgdgtaelME B8-S 25 (2000d 59
179 ~302)%<t 3+ 33 (9:00~15:00, 15:00~
21:00, 21:00~9:00) 2Aslgdon], J2He |5
(20001 79 259 ~312)F<t A A2 B
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2.3 AN=xf3 wy

VOC Al22] AReli= 247 A4 A7} 7Fsd
AEA 2 A= el STS-25 (Sequential Tube Sam-
pler, Perkin Elmer, UK)& Al&-51¢dc} STS-25& o
o A ARE A4H ANT 4 J=S AAH
Slem, AL Yz AT + U= Sholu]
7} WA= g3, o] o] £oldtet VOC A5 A
4 F&A| 2% Carbotrap C 100 mg3} Carbotrap 300
mgS 243 2dHelElx 2" FAFA(4.6cmx9cm,
Perkin Elmer Ltd., UK)& AM8-3lglen, 7+ &2at9]
ANads 32 60~80mL/mine 2 MEY A7He
3A ez AASEY. T7AEE FHE FZ
(SP15, Casella London Ltd., UK)& A3}l E-4]38)
Qo 82k Electronic UltraFlo Calibrator (SKC
Inc.., US.A)E o83l Aladi A - F 33 &4
sk ARAHE TR BEEES AFsH &
FA1717] H3 AlRE AF ] Aol m2AxTE
o] &-3led 100 mL/min %2 He 71A] &F 3}of

300°Cel| 4] 4X]7F A= A=) (conditioning) 3+ F A}
S3atdet AR Y FAIL swagelok BFSIe] wlrf
¢} PTFE | @2 72 & o}A] 50 mLe] nje]ade]
o F sepumel 23E )z BLeke 402 Y
o] Baslole (A4S, 1999).
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Ml=rt w51 3ATH WAL 2 VOC
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4, HedFzzddadl 5& £33 1232] VOC
£ AAsIHH(WHO, 1987). VOC] HAY Az &
Mofl = SZumEAtATHA Axd 7|A) =25
EA G B =5 FA 100ppb HE A
st on, 2F7LA FRAAAF o) 8ale] ST F=
S0 FAT T el A AR, AE
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& i FAAR $AY AR 2FEA =
& F7) st A AR 227K R A
kS
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A M-S &, Iew ALk E AHESt
2 gk SOmL/min H¢l2 dAsHA =43 3, 3-
way valveE o]8-3le] 7JH 9 S5& HAFAA BE
7k AR el FAHe FAHES sl
VOCE=E WHEFEAEL o83 WyuAe
2 Agsiao JEEFEA 2= d,-dichloro-me-
thane, ds-benzene, d g-ethylbenzene ™ dy-dodecane
b AT puplz FHY EFEFEA (Aldrich
Chemicals, USA)S A12-3}9 vk Microsyringe & o]-&
3lo] o]E 429 YR xEFEF | uL (dead volume
23HE sl heating mantle XS o]L3] 70°C
2 7h29 250 mLg amber el F)sled 3087t
S 7SR A 78R ZAY resEg
7ty AFACA AA ANEE m2Fks F3L
injectorE o]£3}d VOC &F o] FAAA VOC
o] A - Aol o] 831} o] = injector®] heat-
ing block?] &%= VOCse] &% =7] 94 4
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25 A s
25 9 ¥ A& AsdLEF AA) (Perkin
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Table 1. Operating conditions for automatic thermal desorption and GC/MS analysis.

ATD 400 (Perkin Elmer, UK)

GC/MSD (Hewlett Packard, USA)

Parameter Operating condition Parameter Operating condition

Oven'temp. 300°C Initial Temp. 50°C

Valve temp. 200°C Initial Time 10 min

Line temp. 200°C Final Temp. 230°C

Desorb time 10 min Final Time. 15 min

Desorb flow 80 mL/min Oven Ramp Rate 4°C/min

Trap hold S min Column Flow 2.5 mL/min

Trap high 300°C Detector Type Quadropole

Trap low 5°C Q-pole Temp. 150°C

Min. pressure 25 psi MS Source Temp. 230°C

Inlet split No Mass Range 35~300amu

Outlet split 10 mL/min Electron Energy 70eV
Carbotrap 51 mg+ Rtx-502.2

Cold trap Carbosieve SIII 27 mg GC Column (0.32mm, 105m, 1.8 um)

Elmer ATD 400, UK)7} A&% 7|A| FZ2nps 1
(Hewlett Packard 6890/5973 GC/MS System, USA)E
gl $As o, $AYYSRE Rov502.2
capillary column (0.32 mm % 105 m X 1.80 um)& A}-&
stk & A7elAE ppb £79) Aswz A
£ VOCE #A3] A8 2 A9 deag o] 43
AeSEuE ANt 249 ZFE Y capillary
column®! ¥2]%-& 4} VOC £ Algd o
&i 29k GOMSS] 27L& 1o el
o, o]g} 2 Al F e} FAPEY] B AR
Wee 712 BN B & AT ARS F
1999).

2.5 VOCs EAdt# ol Mz e

B AFeA= GC/MSDE o] 43 VOCs ¥4 1}
e A FAS A FA| 7} (Retention time)3} 7H-2-A) 4
(Response Factor)?] Ak 25312} (Relative standard
deviation)2 37}3}ict. ¥4 A} AFAIZ] HEt
AdE2EH A= 117 BY 2% 0.1%% veht
S 95 APAE 2o, S AS] dg e
THAR: 10% AF2 vept 53 AdA4E 29
o AEATAY Frlel e 7171HERA
uh 7] 2814 (method detection limits, ©]3} MDL)Z
T3t FGrisle) A ESA ] HE A s
ul-g- F3e) vhehd 9lH(USEPA, 1990). MDLS)
& fs) BAUAAEA 74 50l 2EERVRA
€ 14709 FAF2e spiking & F 7 7749 A=

—

o

FA7IRASHA A22H A6%

o del BAE As oot AT WRE
224 RAYE Aaste] 343 MDLE RAHH4
2Ae] Buy|FEoz B o 0.10~0.24nL2 A=
o). o8k 7ol AW MDL 7k& 71ZEo= Al
3718 TLE A Ao s voc
=2 Faksld 0.020~0.035 ppbr} o}
NEARAHA Foll A 4 Yt A8 AL
AA A et BT 28 A, AN H A AEEHE
F2A 9] 93142 (Breakthrough) e 715He 24
o 4 9ok Yoz FAAY) Tosg Hrle
BANAEA F B0 A B BAL VFe
2 o) golx) ), H WA o] 78 2o gt shir)
WA dore Aol oMoz B oo 1 B
of FAel ofgt Aol stayl A s
dota B 4 ok e SR e Fa9
& Adz A4 Ass AAT T Wukre &
AP A2 24 QB A
o] of 5%e) AHgaHe ko] FulL FABeA HE
g A% 1 wAe e g asile) wayst
Aoz ksl fo}(USEPA, 1997). £ A FolAE
PTFE s} & 3} Swagelok o] HE| = 274 2] &Fzrge 2]
gz A4 AAAA 202 FA s, 35]0) AH 2
Po) Folg FrE Algetd WAARS SAd 2
7 AAshA A 2R T AR shde] FARe
A7he MEe BAste] 7t RN AEH B
PaEae) oFg W - Frlskdeh 1 A WA
A% Aube] FRWe|A 41.6ppb(AFoz of



EERI IS

3t
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FATAMNE AEHA gol shabe DA g2
Aoz HrigEglel Faz £ dyela 543 221
N2 VOC A& 3 wiAe] Hiusx: 3.78 ppb2
vepgeor Ha 7] AR AFHEE TLg0 et
Al B Qo)A A28 A s g 93 A
B840 9l Aoz FAHEAR

935ngel] )7t AEH G o) JARR LFg F
o

2.6 ti7|FE Meflis 9l WE X2

E QP E VOCs] ol 3k 2 Zlog
A7tE e 295 4357 g8 71e4d 97
FEA Ame 7R d 2E5F ARE S5
o 7IdAtEE AT 71 AE #E AR
ol gatel o, 7184 298 Awy NN
Alell ZAHE =29 Ag3AH420] Aa8F o439
ok =AAY EAAA JTEA G wEF A5 o
TFHAEAN 2BERA AN AASI 3 Sl AR
2F o] 43yt mEFe] AEH 9 AHE A
BAHAA A oF 300m Gl st 2o,
NEF ABRE AA 63 2o AdXHe] Q)= 3
Ao Az 2D A olet whetd Ao
AAHA e AFsAgel D 2348 wA)
Asted AF Fao] wlwA W 05:00~23:00 Ale]
2] Azl AA wFF 1.78 Fato AHEA
o (HF-F R4 2A, 2000), 2F Fao] =8 23:00
~05:00 A8 = BA 9o Iz ALLstych

oft t 32 fo

ki
]

3. da o

|'d

3.1 Hersol
2 ATNE
VOCY] ¥5i2%

[N
A wERAAA ] Fo
g F3t3, =AY we]
AGoAg] E=BE AS AlAH oz Hlwsl)
gote] mEFo] R swle] 9T N w9
A YHgha wAelA & - 35 F A" AH
VOC ¥=% FA3 49 VOCe ikl
TEFEZ BAE Heopslr] fs|A SPSS EA
packageE o]&sled ARzl 3 YA HAAL I

oo
te > F

[+

Zo AR 97] F IEA F7IHLE T vl BT A5 771

93} (Shapiro and Francia, 1972). =X) 2154 %] 2] ¢ ol)
Ae] ezl = A (n=221)¢} AAH A5 (F 110
A, A5 1) 2 2R FellAe] dojal F 27
(n=96)9} AR A= (¥ 427, J& 4hHE 2%
FA4E 5%M AFEEE waA g Ho=
vebde 2d 5(2002) dH7AE =2HA |
W7k 243 658749 Al7bE w= AeE M3 A
I VOC 35+ dukdoz t&ApEss oic
3 Bk uh glok B AFelxe Rk Akedd
9} Zeigke o] AAELT glent, VOC A& A
o] dE@A2e 45 FE A8 S A
e ol AREEERETE SE dExs
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ppb7} AZF ) =X A weAYg nFE FA
g VOC 3 7F4 w2 &8 2R3l gl B4
EFds} Aoz AR VOC 70~80% o|AHe-
2R8I Ut A mEUAx Y] AL BEFRA
(8.54ppbyel 74 A “epton, 1 vh& m+p-A
214 (1.67 ppb), A (0.79 ppb), 1,2, 4-Ea] v &lul A
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2|3 1,3,5-E]H =44l (0.17 ppb) <02 vjelytet.
vbdol| F22x g, Erjgzddd Hegasa
g U AL FEr) wlg el Fozre] A
23 ol3ke Fo= et

2 3o e Iz Fo Y 2 QY
VOC =% eof3lqeh a9Ade Hex =A%
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Table 2. Concentrations of VOCs at a heavy-traffic site in Daegu city. (Unit : ppb)
Spring (2000.5.17 ~5.30, n=110) Summer (2000.7.20~8.3, n=111) Total (n=221)
Mean+S.D Median Range Mean=+S.D Median Range Mean+S.D Median Range
Chloroform 0.22+048 <MDL <MDL~249 <MDL <MDL <MDL~<MDL 0.13£0.35 <MDL <MDL~249
Benzene 1.20+0.60 1.09 0.43~3.78 1.17£054  1.04 0.39~3.43 1.18+0.57  1.07 0.39~3.78
TCE 0.57+£089 021 <MDL~533 0241037 <MDL <MDL~1.75 0.41£0.70 <MDL <MDL~5.33
Toluene 32.6%50.1 158 0.30~3342 830109 344 0.33~63.2 2044381 8.54 0.30~334.2
TTCE 0.07+£007 <MDL <MDL~0.56 <MDL <MDL <MDL~0.12 0.06+0.05 <MDL <MDL~0.56
Ethylbenzene 0.66+£0.50 054 <MDL~3.67 051+£030 044 <MDL~1.58 0.58+042 046 <MDL~3.67
m-+p-Xylene 1.87+£1.16  1.59 0.53~6.10 187100 172 0.26~4.90 1.87+£1.08 1.67 0.26~6.10
0-Xylene 0.57+£035 051 0.11~1.83 0.56+028 0.53 <MDL~1.38 0574032 052 <MDL~1.83
Styrene 0.18+0.11  0.16 <MDL~0.66 0.07+£008 <MDL <MDL~0.76 0.12+0.11 <MDL <MDL~0.76
1,3,5-TMB 0.21£0.18 0.16 <MDL~1.07 0.1940.12 018 <MDL~0.81 02040.15 017 <MDL~1.07
1,2,4-TMB 0.86+0.66 0.69 <MDL~3.86 091054 075 <MDL~3.60 0.88+0.60 0.73 <MDL~3.86

Note: Data below MDL were replaced with a half value of 1/2 MDL for each VOC in statistical calculation.
Abbreviation: TCE: Trichloroethylene; TTCE: Tetrachloroethylene; TMB: Trimethylbenzene.

Table 3. Concentrations of VOCs at a sub-urban site in Gyeongsan city. (Unit : ppb)
Spring (2000.5.17~5.30, n=42) Summer (2000.7.25~31, n=54) Total (n=96)
Mean£S.D Median Range Mean+S.D Median Range Mean+S.D Median Range
Chloroform 0.09+0.17 <MDL <MDL~0.86 0.09+0.16 <MDL <MDL~0.83 0.09+0.16 <MDL <MDL~0.86
Benzene 0.87+057 074 <MDL~3.18 091%066 0.71 0.27~3.32 0.89+062 0.72 <MDL~3.32
TCE 0.28+0.38 <MDL <MDL~1.46 0.14+0.23 <MDL <MDL~1.10 020+0.31 <MDL <MDL~ 1.46
Toluene 6.33+848 3.75 046~457  275+£632 135 0.24~46.4 431+752 181 0.24~46.4
TTCE 0.06+0.04 <MDL <MDL~0.29 <MDL <MDL <MDL 0.05+0.03 <MDL <MDL~2.12
Ethylbenzene  0.29+031 023 <MDL~2.12  0.33+023 028 <MDL~1.39 031+£027 026 <MDL~2.12
m-+p-Xylene 0.73£0.52 060 <MDL~3.40 097+£072 075 <MDL~3.52 0.8710.65 0.69 <MDL~3.52
o-Xylene 0.21+0.13 020 <MDL~0.61 0.31£023 025 <MDL~1.17 0.27+0.19 022 <MDL~1.17
Styrene 0.11£0.11 <MDL <MDL~0.54 0.08+0.07 <MDL <MDL~0.37 0.10+£0.09 <MDL <MDL~0.54
1,3,5-TMB 0.09+0.12 <MDL <MDL~0.75 0.11+£0.13 <MDL <MDL~0.81 0.10+0.13 <MDL <MDL~0.81
1,2,4-TMB 0.35+0.60 0.19 <MDL~3.82 0441060 0.23 <MDL~3.71 0.40+0.60 021 <MDL~3.82

Note: Data below MDL were replaced with a half value of 1/2 MDL for each VOC in statistical calculation.
Abbreviation: TCE: Trichloroethylene; TTCE: Tetrachloroethylene; TMB: Trimethylbenzene.
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Fig. 1. Variations of VOC concentrations during spring and summer at an urban and suburban sites.
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Fig. 2. Variations of hourly average concentrations of VOCs at a heavy-traffic site in an urban area.
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Table 4. Ratios of median concentrations of VOCs in the urban site to the sub-urban site.

Spring (00.5.17 ~5.30)

Summer (00.7.20~8.1, 8.3)

voc Urban Suburban Urban/ Urban | Suburban Urban/
(n=110) (n=42) Suburban (n=111) (n=54) Suburban
Chloroform <MDL <MDL - <MDL <MDL -
Benzene 1.09 0.74 1.5 1.04 0.71 1.5
Trichloroethylene 0.21 <MDL - <MDL <MDL -
Toluene 15.79 3.75 4.2 3.44 1.35 2.5
Tetrachloroethylene <MDL <MDL - <MDL <MDL -
Ethylbenzene 0.54 0.23 2.3 0.44 0.28 1.6
m+p-Xylenes 1.59 0.60 2.7 1.72 0.75 2.3
o-Xylene 0.51 0.20 2.6 0.53 0.25 2.1
Styrene 0.16 <MDL - <MDL <MDL -
1,3, 5-Trimethylbenzene 0.16 <MDL - 0.18 <MDL -
1,2,4-Timethylbenzene 0.69 0.19 3.6 0.75 0.23 33
Table 5. Correlation coefficients between variables for annual data at a heavy-traffic site. (n=149)
BZ TOL EBZ mpX oX Str 135T 124T
SO, 0.45% 0.42% 0.48% 0.34* 0.33* 0.35% 0.04 -0.00
05 ~0.17* -0.18* -0.34* -0.44* -0.45% ~0.23* -0.36* -0.38*
NO,** 0.53* 0.10 0.33* 0.35% 0.38* 0.12 0.28* 0.32%
NO** 0.35*% 0.17 0.57* 0.68* 0.70* 0.47 0.60* 0.60*
CO 0.34* 0.38% 0.25* 0.36* 0.36* 0.12 0.39* 0.39%
Wind speed -0.21* -0.25*% ~0.31* -0.36* -0.33* -0.25*% -0.13 -0.11
Temperature -0.19* -0.09 -0.02 0.00 0.01 —-0.24* -0.14 -0.13
Relative humidity -0.25* -0.14 -0.09 0.10 0.10 -0.16 0.28%* 0.35%
Rain -0.17* -0.10 -0.09 -0.02 -0.01 -0.12 0.06 0.10
Amount of cloud -0.21* -0.13 -0.20* -0.11 -0.07 -0.00 0.05 0.12
Radiation 0.02 -0.09 -0.13 -0.23% -0.23* -0.05 -0.37* -0.35%
Radiation time 0.07 -0.11 -0.18* -0.28* -0.28* -0.07 -0.35* -0.34*

* : Correlation coefficients are significant at a level of 0.05 (two tailed test, n=149). ** : Number of data is 59.
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